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ABSTRACT
Statement of the Problem
The major problem involved in this study was to
determine the effectiveness of the CDA math method com¬
pared to the traditional method of teaching mathematics
addition and subtraction of fractions to sixth grade
pupils in Frank L. Stanton Elementary School in Atlanta,
Georgia.
Method of Research
The method of this research was experimental, with
a design which utilized the parallel group technique. The
specific statistics used were the posttest means and "t"
ratio.
Locale of the Study
This study took place during the 1981-82 academic
year at Frank L. Stanton Elementary School, which is
located in the Southwest section of Atlanta, Georgia.
During the period of this study the school population was
335 pupils in grades kindergarten through seven. The
school plant includes sixteen classrooms, two Title I
classrooms, an office, an auditorium, a cafeteria, a
day care center, one teachers' lounge, a workroom and a
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conference room. The staff includes sixteen teachers^ two
kindergarten aides, seven Title XX aides, four itinerant
teachers, the principal, a secretary, three custodians,
and three cooks.
Subjects
Fifty-six pupils enrolled in two sixth grade classes
at the Frank L. Stanton School were used in this study.
Pupils were randomly assigned to an experimental and a
control group.
Findings
The posttest data revealed that there was a signifi¬
cant difference in favor of the experimental group as shown
by the "t" of 5.94 at .05 level of confidence.
Conclusions
The null hypothesis that there is no significant
difference in mathematics achievement of addition and
subtraction of fractions between CDA and traditionally
taught sixth-grade pupils was rejected. This indicates
that the CDA-experimental method of instruction was a more
effective teaching method than the regular textbook method
in stimulating pupil proficiency in mathematics achieve¬
ment.
Implications
The implications that grew out of the findings are:
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1. It would appear that the CDA math
Instruction must become a high
priority concern for teachers,
principals, and supervisors.
2. It would appear that high mathematics
achievement may be assured to a
greater extent by using the CDA math
approach.
3. It would appear that there are other
factors than native ability that
account for the fact that some groups




1. The CDA math techniques should be more widely used
as.an alternate method to traditional mathematics
techniques in the Atlanta Public School, Atlanta,
Georgia.
2. There is a need for further experimentation with
two methods (CDA math and traditional), using more
subjects and over a longer period of time.
3. Research should be done to study the effectiveness
of the CDA math for teaching other than addition and
subtraction of computational skills.
4. It would appear that a more discriminating type of
research into the difference in classroom practices
would be worthwhile in the improvement of mathematics
programs.
It would appear obvious that there is a need for
further investigation concerning the role and managed
effectiveness of the CDA math approach as a teaching
procedure.
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Mathematics has been for many years and still is the
topic most frequently discussed by teachers, supervisors,
principals and specialists. The development of sound
instructional procedures has probably been studied more
often by educational research workers than any other area.
Teaching methods are merely other means of attaining pur¬
poses of education through the teaching process.
Mathematics programs should not be based solely upon
pupils' ability to recall facts and rules and to perform
operations mechanically. Mathematics programs should be
directed also toward ascertaining pupils' understanding
of facts, generalizations, and operations.
Boisclair explained.
In the area of mathematics there seems
to be agreement that needs in our present
and future society will need individuals
who possess the knowledge and skill in
using a problem-solving approach in
varied situations; using symbolic
reasoning in daily life; using computational
skills effectively and accurately; making
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practical use of the basic fundamental
ideas.^
Stern and Stern, after extensive review of Ciirriculum
Development Associates (CDA) literature, reported that
there is a need for studies of how the CDA math approach
is' related to pupils' achievement. They further stated:
When children are encouraged to discover
for themselves the solution to a problem,
they understand better not only the
problem itself but also the ways in which
it can be solved. By sharing each other's
discoveries, students may determine that
some ways of solving problems are better
than others, both in terms of time and
in terms of the accuracy of results.2
There appears to be strong evidence to support the
notion that in departing from the traditional teaching of
mathematics, the CDA math approach, if well taught, is
enjoyable for both the students and teachers, instead of
the drudgery, of rote learning day after day. For instance,
Boislcair concluded:
The attitudes of a teacher and the
responding attitudes of the pupils
have a critical effect on a mathe¬
matics program. A traditional
approach to instruction may produce
a feeling that mathematics is one of
the evils of life—a dull, rigid
Elizabeth J. Boisclair, "Helping Teachers Improve
Mathematics Instruction," Teaching Mathematics in the
Elementary School (Washington, D.C.; National Association
of Elementary Principals, National Council of Teachers of
Mathematics, 1970), pp. 47-48.
2
Catherine Stern and Margaret B. Stern, Children
Discover Mathematics (New York: Harper and Row Publishers,
1971), pp. 126-127.
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collection of facts to be memorized
and symbols to be manipulated according
to innumerable rules.^
2 3
Rosenbloom and Ryan, Austin and Prevost, and
Begle and Wilson^ conducted longitudinal research of two
to five years which demonstrated the possibility of a
difference in mathematics achievement of pupils taught by
selected modern mathematics methods compared to those
taught by traditional methods. The achievement of pupils
taught by CDA math method compared with that of pupils
taught by the traditional methods was explored in this
study of sixth grade mathematics pupils enrolled in Frank
L. Stanton Elmentary School in Atlanta, Georgia.
Evolution of the Problem
Among the influences leading to the resurgence of
interest in the CDA math method of teaching mathematics is
dissatisfaction with outcomes of current mathematics
instruction by teachers who have come to recognize that an
unjustifiably high incidence of very poor mathematics skills
is to be found among pupils in our schools. A second factor
is probably the growing recognition of the failure of many
^Boisclair, "Helping Teachers Improve Mathematics
Instruction," pp. 47-48.
2p. C. Rosenbloom and J. J. Ryan, Secondary Mathe¬
matics Evaluation Project: Review of Results (St. Paul,
Minnesota: St. Paul Minnesota National Laboratory, 1968),
p. 231.
3Gilbert Austin and Fernand Prevost, "Longitudinal
Evaluation of Mathematics Computation Abilities of New
Hampshire's Eighth and Tenth Graders, 1963-1967," Journal
for Research in Mathematics Education 3 (May 1972): 59-64.
4e. G. Begle and J. W. Wilson, "Evaluation of Mathe¬
matics Program," Mathematics Education (Chicago: National
Society for the Study of Education, 1970), pp. 9-11.
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boys and girls to develop an understanding of the addition
and subtraction of fractions.
It appears that the relationshijp ^between the CDA math
and traditional methods of teaching mathematics has not
been sufficiently explored. Is there any difference in
mathematics achievement of pupils taught by the CDA math
method compared to pupils taught by the traditional method?
It is with this question that the present study is concerned
Significance of the Study
Change is essential if educational institutions are
to respond to contemporary challenges. However, new and
developing programs in the sciences and social studies,
for example, often demand a kind of mathematics quite
different from the mathematics pupils were taught in the
old mathematics. The CDA math method of teaching mathe- .
matics is a concept that offers an alternative to the
traditional method. As was suggested by Brownell, the CDA
method helps children to begin to develop an understanding
of the structure of mathematics and it gives them a basis
for understanding and utilizing the relationships of the
integrated field.^
The findings of this study might well indicate to
the school system authorities the scope and extent to
^William A. Brownell, "Arithmetic in 1970," The
National Elementary Principal {.October 1969): 3-45.
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which they can make an exploratory and tentative commit¬
ment of the school system to introduce and/or initiate a
program of CDA mathematics instruction as a part of its
comprehensive offerings and instructional methodology.
Statement of the Problem
The major problem involved in this study was to deter¬
mine the effectiveness of the CDA math method compared to
the traditional method of teaching mathematics addition
and subtraction of fractions to sixth grade pupils in
Frank L. Stanton Elementary School in Atlanta, Georgia.
Purpose of the Study
The main purpose of this study was to determine the
difference in the achievement in addition and subtraction
of fractions between two groups of sixth grade pupils,
one taught by the CDA method and one taught by the
traditional method in the Frank L. Stanton Elementary
School in Atlanta, Georgia. This study was designed to
test the null hypothesis;
There is no significant difference in
mathematics achievement scores of sixth
graders who are taught by the CDA method
and pupils who are taught by the
traditional method.
This study measured the differences in achievement
resulting frcan two distinctly different methods of teaching
mathematics to elementary school pupils.
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Limitations of the Study
This study is limited to 56 sixth grade pupils
enrolled in the Frank L. Stanton Elementary School during
the 1981-82 school year. It is also limited to two sixth
grade classes, each of which was assigned to a different
teacher.
Definition of Terms
The following terms were considered as basic to
clarification of the purpose:
1. Achievement—refers to achievement in
addition and subtraction of fractions
as measxired by a teacher made test.
2. CPA Math Method—refers to a curriculum
design built upon a theory of learning
with a child development perspective.
Scope and sequence are built into the
design, yet flexibility is derived from
variations of activities to suit
particular learning needs; and the design
is open-ended.1
3. Traditional Method—refers to a curriculum
design based on the behavioristic,
mechanistic theories that view learning
as mastering pieces of content that
collectively produce a whole of learning.
In addition, the teacher exerts maximum
control of the class activities such as
drill and proficiency in computation.
Flexibility and open-endedness are at a
minimum. 2
Robert E. Wirtz, A- Guide to CPA Math Curriculum
(Washington, D.C.: Curriculum Development Associates, Inc
1978), p. 2.
^William B. Ragan, Modern Elementary Curriculum
(New York; Holt, Rinehart and Winston, 1960), pp. 2T6-277
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Description of CPA Math
The curriculum design is built upon a theory of
learning with a child development perspective; in particular,
CDA math relies upon insights of Jean Piaget and Jerome S.
Bruner. The developmental sequences, extensive exercises
and abundant supplemntary practice material are carefully
designed to help the pupils acquire and maintain
efficiency in mathematics. The evaluation is explicit in
activities where teachers can observe students' attitude
as well as ability. Further, progress tests at regular
intervals are included in the materials. In addition, the
open-ended nature of the curriculum permits flexibility,
requires teacher adaptation and extensions, and enables
teachers to relate and adapt materials to locally
developed objectives.
CDA math presents problems with special character¬
istics. For instance, they are intrinsically appealing to
students and they develop an attitude of friendliness with
numbers. The answers are not immediately obvious through
the recall of a number fact or the use of an algorithm
but, instead, require investigation and experimentation.
Similarly, the search for solutions requires substantial
practice of the basic number facts and leads to insights
inherent in the number system.
Further as suggested by Wirtz;
Another element of the CDA method
which differs fron non-CDA methods
-8-
is that most of the problems and
puzzles are presented diagrammatically.
Reading is thus kept at a minimum, and
students who are able mathematically
are not held back by a language barrier.
The CDA math method enhances language
development and language experience
becomes an integral part of teaching
and problem-solving.1
Method of Research
The method of this research was experimental, with
a design which utilized the parallel group technique. The
specific statistics used were the posttest means and "t"
ratio.
Locale of the Study
This study took place during the 1981-82 academic
year at Frank L. Stanton Elementary School, which is
located in the Southwest section of Atlanta, Georgia.
During the period of this study the school population
was 335 pupils, in grades kindergarten through seven.
The school plant includes sixteen classrooms, two
Title I classrooms, an office, an auditorium, a cafeteria,
a day care center, one teachers' lounge, a workroom and a
conference room. The staff includes sixteen teachers, two
kindergarten aides, seven Title XX aides, four itinerant
teachers, the principal, a secretary, three custodians,
and three cooks.
^Wirtz, A Guide to CDA Math Curriculum, p. 2.
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Subjects
Fifty-six pupils enrolled in two sixth grade classes
at the Prank L. Stanton School were used in this study.
Pupils were randomly assigned to an experimental and a
control group.
Research Procedures
The procedure used in this study were as follows:
1. Permission to conduct the study was
obtained from proper school authorities.
2. The consent and cooperation were sought
of all parents of the pupils selected for
this study.
3. The related literature pertinent to this
study was surveyed, summarized, and
organized for presentation in the finished
thesis copy.
4. Two groups of sixth graders: the control
to be taught by the traditional method,
thfe experimental to be taught by the CDA
method, were used for the study.
5. CDA math activities in mathematics were
planned and carried out for the experimental
group. The experimental group was taught
using the CDA math method which includes
manipulative materials, sketches or other
representational drawings, and numbers
as they solve problems. At times, problems
were presented to them; at other times, they
pursued questions of their own design.
6. The control group was provided planned
mathematics activities from the mathe¬
matics textbook. Emphasis was placed on
mathematics concepts and generalizations
which included computational skills and
drill activities in the addition and
subtraction of fractions.
7. After eight weeks of instruction both
groups were tested, using teacher made test.
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8. Test results (scores) were statistically
treated with reference to means, standard
deviations, standard error of means,
difference of the standard error of means
and "t" of 2,58 at .05 level of confidence
for 54 degrees of freedom.
9. The conclusions, implications and recommen
dations were drawn on the findings of this
study.
CHAPTER II
REVIEW OF RELATED LITERATURE
This chapter is concerned with an examination of the
literature considered relevant to the mathematical learning
abilities of students. Even though varied approaches to
the teaching of mathematics have been a popular source of
study in education, this section will review only selected
studies in the area. The choice of studies reviewed for
research was based upon their relevance to the problem of
this research, and are organized and presented here under
the following captions; (1) Theoretical Framework, (2)




Bruner's theory of categorizing and Piaget's develop¬
mental theory of cognitive growth were selected as the
conceptual framework.
Jerome Bruner, Professor of Psychology at Harvard,
one of the most influential psychologists on this con¬
tinent, holds the theory of learning which essentially
maintains that people interpret the world largely in terms
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of the similarities and differences that are detected among
objects and events. Similarly, objects are reacted to as
though they were equal. This similarity is recognized
through the placement of stimulus input into categories.
According to Bruner, categorizing is defined as follows;
To categorize is to render discriminately
different things equivalent, to group the
objects and events and people around us
into classes, and to respond to them in
terms of their class membership rather
than in terms of their uniqueness.1
Further, Bruner describes two kinds of categories,
namely, the identity, and the equivalence categories. An
identity category is employed where a stimuli are classed
as forms of the same thing. For example, a child at dif¬
ferent stages of his growth is simply a different form of
the same person. Equivalence categories appear to be much
more frequently used than identity categories. Whenever
objects, events, or people are reacted to as if they were
the same thing, although they are really not, equivalence
categories are being employed. Moreover, there are three
kinds of equivalence categories—affective, functional and
formal. Affective categories are established whenever an
individual's emotional reaction renders events equivalent.
For instance, orange juice, a song and poem might all evoke
pleasure and therefore, belong to the same category.
^Jerome S. Bruner, Toward a Theory of Instruction
(Cambridge; Harvard University Press, 1966) , p. T~,
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Functional categories may be defined in terms of common
functions of two or more objects. For example, pens and
pencils are both used for writing and can be categorized
in the functional category as objects with which to write.
Formal categories are defined by convention, law, or by
science. For example, there is a formal category, pen,
whose criterial attributes are specified by a dictionary.
To further illustrate, any object may belong to any of the
three categories or to an identity category. For instance,
an apple is the same apple when green as when ripe (identity
category); it is something to eat (functional category);
and it is a fruit (formal category).^
In his book. The Process of Education, Bruner
hypothesizes that:
Any subject can be taught effectively
in some intellectually honest form
to any child at any state of develop¬
ment . 2
The experience of Bruner and others suggests that the
readiness of a child for learning is not a simple unfolding
process but is dependent upon the way the child has been
taught and upon the design of the curriculvun. On the other
hand, Bruner's assertion that children could, at any age,
grasp the essence of intellectual concepts was clearly at
^Jerome S. Bruner, R. R. Oliver, and P. M. Greenwood,
Studies in Cognitive Growth (New York; John Wiley Publish-
ing, Inc., 1966), pp. 30-47.
^Jerome S. Bruner, The Process of Education (New York;
Random House, 1960), p. 33.
-14-
varlance with the evidence produced by Piaget and other
developmental psychologists. Consequently, the educational
psychologists were now able to reintroduce progressive
ideas of child-centeredness with more vigor.^ It was
suggested by Goodlad in 1958 that there was a need for a
conceptual system to guide decision-making in the field of
curriculum. By a conceptual system was meant a carefully
engineered framework that performed the following functions:
(1) identifies the major questions to be answered in develop
ing any instructional program; (2) reveals separate elements
that tie these questions together in a system yet separates
questions from one another; (3) identifies subordinate
questions and classifies them properly in relation to major
questions; (4) reveals the data source to be used in
answering the questions posed by the system; and (5)
suggests the relevance of data extracted from these sources.
However, it appears that both the subject specialists
and the critics overlooked the need for a comprehensive and
coherent framework for curriculim design. Although cur¬
riculum thought appeared to have been in danger during this
period, there was great emphasis on the discovery approach
to teaching mathematics. For instance, proponents of the
discovery approach cite the following in its favor; (1)
^David Pratt, Curriculum Design and Development
(New York: Harcourt Brace Jovanovichi Inc., 1980), p. 36.
2John Goodlad, "Schooling and Education," The Great
Ideas of Today (Chicago; Encyclopedia Britiannica, Inc.,
1969), pp. 100-145.
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children are motivated by the satisfaction they receive
from finding out things for themselves, and satisfaction
is recognized as an important attitude in stimulating
learning; (2) since children are more personally involved
with information and ideas in a discovery approach, deeper
understanding of subject matter results and forgetting is
reduced; (3) children develop strategies of inquiry, or
process skills, such as simplifying, organizing, and summa¬
rizing data, relationships, and making generalizations; and
(4) transfer of learning is improved. Nevertheless,
discovery learning has certain limitations. It is a slow
process and requires training in the method of discovery.
As was suggested by Hurd and Gallagher, what con¬
stitutes discovery learning is sometimes misinterpreted.^
Children are not expected to rediscover for themselves the
concepts of mathematics or science. It appears to be
evident that this would not be possible in a lifetime.
Nevertheless, Atkins and Karplus suggest that discovery
learning involves three different phases of activity. They
are; (1) children are provided the opportunity to explore
the materials of the lesson to get a feel of the topic;
(2) the teacher helps the children formulate a unifying
idea to help organize their experiences; and (3) children
will use their knowledge for discovering application of the
^Paul D. Hurd and James J. Gallagher, New Directions
in Elementary Science Teaching (Belmont, California;
Wadsworth Publishing Company, 1969), p. 19,
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principle and forming new relationships using what they
have learned.^ Moreover, Hawkins, in another view of
discovery learning suggested that children explore freely
with the materials of a topic until they began to ask
questions of their own. These questions form the basis
for further investigation. Further, teacher direction is
at a minimum and the pupils are permitted to pursue their
own lines of inquiry in a capitalization on the natural
curiosity and ability of children to profit from self-
2
directed experiences. Given this freedom, each child can
delve into features of a problem that are interesting and
important to him. Therefore, the implication for discovery
learning is that this approach is seen as increasing
motivation and improving the intuitive meaning of obser¬
vation.
Bruner's research on memory, perception, language,
and intellectual development has had an enormous impact on
psychology. His studies have shown, for example, that our
perceptions depend upon our attitudes, our values, and our
expectations. He has also demonstrated that intelligence
is not a fixed quality, but a continual sampling of dif¬
ferent strategies and hypotheses for solving problems.
Moreover, Bruner's emphasis on the formation of coding
systems together with his belief that the systems facilitate
^J. M. Atkins and R. Karplus, "Discovery Invention,"
The Science Teacher 29 (September 1962); 45-51.
2d. Hawkins, "Messing About Science," Science and
Children 2 (February 1965): 5-9.
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transfer, enhance retention, and increase problem-solving
ability and motivation, leads him to advocate discovery-
oriented techniques in schools.
In essence, Bruner's theory of learning essentially
maintains that people interpret the world largely in terms
of the similarities and differences that are detected among
objects and events. The major organizational variable is
called a coding system.
Initially, the advantage of having children form
concepts is that new information can be more easily related
to that already known; secondly, having children form
concepts increases the usefulness or transfer value of
their learning; and finally, as children develop an under¬
standing (form a concept) of significance of classifying,
they realize that classifying is a way of organizing objects
and simplifying information about their environment.
Piaget's Approach
Jean Piaget, A Swiss psychologist, was born in 1896.
His work provides much of the theoretical basis for the way
teaching units are organized and sequenced in terms of the
child's maturity level. In addition, Piaget's concept of
operations closely fits the idea of process skills such as
how children acquire and manipulate information.
Childs states that Piaget's theory is about how a
person's way of knowing changes as he matures. It is not
about what a person knows at different ages. Further,
Piaget shows that the young child's understanding is more
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egocentric than that of the adult. The young child's
conception of reality is limited by the point of view
created by his size, his position in space and time, and
his maturity and previous experience.^
In reference to the process of change, Childs states
that Piaget has never been content only with demonstrating
that children are vastly different from adults. He further
states that an awareness that the thought processes are
often very different in children prepares us to avoid
misunderstandings in our interactions with children. In
essence, to understand change in the thought processes we
2
must be prepared to study change whenever it occurs.
Furthermore, portraying the sequence of stages through
which the structure of thought develops, Piaget has also
undertaken a more difficult task, that of analyzing the
progress made within each stage and, especially, the
transition from each stage to the next. A stage is a con¬
cept that describes or summarizes the pattern of thought
most visible in the careful observation of a child working
at a problem or stating his reasoning.
Further, Piaget's model of intellectual development
is based on the notion that mental operations develop in
^Irvin L. Childs, Humanistic Psychology and the
Research Tradition; Their Several virtues (New York;
John Wiley and Sons, Inc., 1973), pp. 25-29.
^Ibid.
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stages from birth through adolescence. He describes four
major stages through which children progress in their
development. The first or sensorimotor stage occurs between
the 0 to 2 years. The child's world, since he cannot
ret>resent it mentally, is a world of here and now; his
functioning in relation to the world is sensorimotor in
that it involves the senses and overt behavior; the child
perfects and elaborates the small repertoire of schemata
with which he is born such as simple reflexive acts such as
sucking, reaching, grasping, looking, and the like; and the
young child is egocentric, on the other hand, since he is
incapable of adopting the points of view of others.
The second or pre-operational stage occurs between
2 to 7. The second stage is a marked improvement of the
first stage in terms of the child's increased understanding
of his world. This stage is ordinarily divided into two
substages, namely, preconceptual thinking, which is from
2 to 4 years and the period of intuitive thought, which is
from 4 to 7 years. The preconceptual thinking stage is
characterized by the child's inability to understand all
the properties of classes. The period of intuitive thought
is characterized by the child's thinking which has become
somewhat more logical, although it is governed more by
perception than by logic.
The third or concrete operations stage, occurs from
7 to 11 or 12 years. The thought structures of the child
at this stage are applied directly to real objects. In
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other words, the child does not yet deal with that which
is merely hypothetical unless it is tied directly to con¬
crete reality.
The fourth or formal operations stage, which spans
thfe years between 11 or 12 to 14 or 15 years is marked by
the appearance in behavior of propositional thinking. In
fact, it is thinking that is not restricted to the con¬
sideration of the concrete or the potentially real but that
deals in the realm of the hypothetical. Hurd and Gallagher
suggest that the period of formal operations that the
children are no longer tied to specific objects but are
capable of developing relations and thinking abstractly.
They can plan and interpret experiential observations.
They can think about a situation in which there are several
variables and examine the effect of changing these one at
a time. In essence, at the stage of formal operations, the
child thinks his way through the problem by answering
questions in a systematic way until a reasonable conclusion
is reached. Similarly, at the stage of formal operations,
the child can reason from the real to the possible or from
the possible to the actual.^
■‘‘Hurd and Gallagher, New Directions in Elementary
Science Teaching, p. 15.
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Sununary of Related Literature Pertinent
to the Theoretical Framework
Related literature pertinent to the theoretical frame¬
work are summarized below:
1. Jerome Bruner has advanced a cognitive
' theory that is a theory of categorizing.
2. Cognitivism is concerned primarily with
explaining those higher mental processes
not easily explained using the S-R paradigm.
3. Equivalence categories are distinguishable
by the response involved in categorizing
objects.
4. Categorizing can involve identifying objects
as form of the same thing or treating dif¬
ferent objects as though they were equivalent.
5. Category accessibility is a function of
expectations and needs.
6. Bruner borrows from Hebb in describing in
broad terms the neurological mechanisms
that would be consistent with his theory.
7. Bruner advocates discovery techniques in
schools.
8. Coding systems are arrangements of related
categories in hierarchical order.
9. Jean Piaget, by training a biologist is
by vocation a philosopher, mathematician,
logican and writer.
10. Piaget's theory gives insight to two
biological concerns pertaining to early
adaptation and classification of child
development.
11. At the age of 4 the human child begins to
solve many problems correctly on the basis
of his intuition.
12. The sensorimotor stage is characterized by
a here-and-now understanding of the world.
13. During the preoperational stage, the child
expands his ability to verbalize.
-22-
15. Piaget's concept of intelligence is
described in terms of activity in
relation to the environment.
16. Piaget's formal operations are defined




Goals and goal-directed behavior are important con¬
structs in motivational theory. Kurt Lewin was interested
primarily in a study of hviman motivation. Consequently,
his field theory was not developed as a theory of learning,
but as a theory of motivation and perception. Morris L.
Bigge reported that to develop a cognitive-field theory of
learning, one must borrow heavily from the ideas and con¬
structs of Lewin, but to some degree deviate from his
psychology.^
Cognitive Field Psychology
Historically, the term cognitive-field psychology of
learning has been formulated in an attempt to construct
scientific principles of learning applicable to classroom
situations. The writer, after a comprehensive review of
research related to cognitive field psychology, agrees that
this theory of learning is more likely than any other of
which teachers and educators are cognizant to lead to the
^Morris L. Bigge, Learning Theories for Teachers
(New York: Harper & Row Publishers, 1964), p. 213,
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most productive results in classroom procedures. However,
educational psychology of the past has emphasized overt
behavior. Cognitive field psychology concerns itself with
overt behavior only insofar as it may provide clues to
what is transpiring psychologically. In addition, the
cognitive field theory is associated with knowing and
understanding functions which give meaning to a situation.
Thus learning may be defined as a realistic process within
which a person develops new insights or cognitive struc¬
tures or changes old ones.
According to Devine, the most outstanding character¬
istic of the problem-solving behavior is insight.^ LeFrancois
defines insight as the sudden perception of relationships
among elements of a problem situation. He further states
that students should employ insight rather than trial and
error to solve problems. In other words, the cognitive
theories of motivation tend to reject the stimulus-response
or stimulus-response-reinforcing explanations for learning
because behavior changes not by stimuli alone but how
students think and feel about the stimuli.^
Cognitive Theory
Other elements of the cognitive theories of motivation
are perception and problem solving. Students in mathematics
^Thomas G, Devine, Teaching Study Skills; A Guide
for Teachers (Boston: Allyn and Bacon, Inc., 1981), pp.
312-514.
2
Guy R. LeFrancois, Psychological Theories and Human
Learning: Kongor’s Report (Monterey, California; Brooks/
Cole Publishing Company, 1972), pp. 185-202.
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solve problems through insight that involves perception of
relationships rather than through trial and error. Devine
points out that the main differences between the behavior-
ists and the cognitive theorists in their approaches to
motivation and learning is that the behaviorist theorists
pay little attention to the mental activity and emotional
responses that precede, accompany, and follow learning,
while the cognitive theorists emphasize them.^
Further, Hastorf, Schneider and Polefka identified
certain characteristics of our world of experience, which
includes the world of other people. It has structure, it
has stability, and it has meaning. Furthermore, they
specified an approach to the perceptual process which
assumes that perception is not a passive translation of
physical energies into experience but is a process demand-
ing active participation by the perceiver. He selects and
categorizes, he interprets and infers to achieve a meaning¬
ful world in which he can act. In essence, the cognitive
theorists focus on the different aspects of the student's
thoughts and feelings.
Therefore, educators should give serious thought to
change the life spaces of individual students by increasing
^Devine, Teaching Study Skills; A Guide for Teachers,
pp. 312-314.
2
Albert H. Hastorf, David J. Schneider, and Judith
Polefka, Person Perception (Reading, Massachusetts;
Addison-Wesley Publisning Company, 1970), p. 161.
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the attractiveness of success in school. In addition,
educators should realize that students react to their
worlds as they themselves perceive them and that they
perceive them in a way that is completely unique to them.
The Study of Greabell
Greabell's study of stimuli effect in learning was
designed to determine if planned exposure to a greater
number of stimuli in the process of learning will affect
student achievement in an introductory course in geometry.
In this study there were several references made to
increased stimuli. Stimuli was defined by nine categories
based on the Functional Analysis of Classroom Component;
each respresented a sensory component and a cognitional
component. Three types of sensory subcomponents were
used: visual, auditory, and tactile. The cognitional
component also had three subcomponents—concrete, repre¬
sentative, and abstract. The nine kinds of stimuli
reflect, therefore, each pair of the two sets of subcom¬
ponents. For example, visual and concrete stimuli emphasize
viewing an object around which the learning is centered.
Auditory and concrete reflect the learning of the real
object. Tactile makes use of physical feeling of a
representation of an object, thing, or idea around which
the learning is centered. Two groups were defined for the
purpose of the study—a low stimuli group (LSG) and a high
stimuli group (HSG). For the LSG (N=51) a series of nine
-26-
lessons in geometry was designed using a widely used
children's mathematics text as a basis for planning. The
lessons contained no additional forms of stimuli other
than those recommended by the text, that is, mainly
visual-abstract and abstract-abstract. For the HSG {N=57)
the same lesson plans were used, but additional stimuli
were systematically incorporated into each lesson as defined
by the nine categories. Auditory-concrete and tactile-
abstract were not referenced even once in the lessons of
the HSG. The students (N-108) selected for the study
represent a random school population of seven, eight, and
nine-year olds. No student had formal instruction in
geometry before the experiment. The students were randomly
assigned to self-contained classrooms in two elementary
schools and studies in eleven groups, five of which were
LSG and six HSG. Over a two-week period each group was
given approximately 45 minutes of instruction per day on
geometry; on the tenth day each group was given the post¬
test.
The results of the study indicated that students in
the HSG scored higher than students in the LSG. System-
matically planning and increasing stimuli in geometry did
show an effect on achievement.^
^Leon C. Graebell, "The Effect of Stimuli Input on
the Acquisition of Introductory Geometric Concepts by
Elementary School Children," School Science and Mathematics
48 (June 1978); 320-326.
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Cognitive Style
The study on cognitive style and curriculum impli¬
cations revealed that all students must possess a repertoire
of intellectual or cognitive processes and abilities
nepessary to effectively and efficiently learn from an
educational environment. Moreover, it was pointed out by
Letteri that the processes and abilities, defined as
cognitive styles, are prerequisite to learning itself and
must become the foundation for the design of the future
curriculxom. ^ C. R, Brooks and Clair found a significant
relationship between cognitive style and certain intellec¬
tual tasks, such as; reading English prose, math and
physical sciences, geography, serial learning; general
proglem solving; concept identification; certain school
subjects; reading, as well as significant correlations
2
between cognitive style and concept abilities.
3 4
Both Letteri and Davis hypothesized that an in¬
dividual's cognitive style is a basic intellectual
^Charles A.’ Letteri, "Cognitive Style; Implications
for Curriculum," Curriculum Theory (Washington, D.C.;
Association for Supervision and Curriculum Development,
1977), pp. 65-66.
^C. R. Brooks and .T. N. Clair, "Relationship Among
Visual Figure Ground Perceptions, Word Recognition, I.Q.,
and Chronological Age," Perception and Motor Skills 36
(August 1976); 38-42.
^Letteri, "Cognitive Style; Implications for Cur¬
riculum," pp. 65-66.
^A. J. Davis, "Cognitive Style; Methodological and
Development Consideration," Child Development 42 (May 1971):
pp. 1447-1459.
-28-
determinant in his/her level of achievement or success in
educational environments.
One element, common to each of these studies, is
that there is a significant relationship between a
student's cognitive style and his/her ability to learn and
perform in school. Letter! concludes that unless children
and adults are instructed and trained in the cognitive
profile for specific learning tasks, the learner is the
victim of trial and error; and success in educational
situations is left merely to chance.^
Therefore,, the implications for educational prac¬
titioners are that they must indeed seek to provide the
training necessary for students to experience success in
school. Simply stated, teach the students how to learn.
Summary of Literature Pertinent
to Cognitive Development
Related literature pertinent to cognitive development
is summarized below:
1. The primary beliefs of the Gestaltists
are that the whole is greater than the
sum of its parts and that people solve
problems through insight.
2. Cognitive field psychology is concerned
with the individual as he is affected
by his immediate environment.
3. Cognitive theories of motivation tend to
reject the behaviorist's stimulus-response
or stimulus-response-reinforcing stimulus.
^Letter!, "Cognitive Style; Implications for Cur¬
riculum," p, 66.
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4. Cognitive theorists have been interested
in the higher mental processes that are
involved in perception.
5. Life space is defined in terms of the
individual's own perception of his environ¬
ment.
' 6. The most outstanding characteristic of
problem-solving behavior is insight.
7. Our world of experience includes struc¬
ture, stability and meaning.
8. Students react to their world as they
themselves perceive it.
9. Educators must teach students how to learn.
Problem Solving in Mathematics
At their 1980 conference, members of the National
Council of Teachers of Mathematics (NCTM) recognized the
improvement of problem-solving skills as the most pressing
curriculum issue facing them in the 1980's.
Today's working definition of problem solving is
much broader than finding the answer to a word problem. In
the 1980's NCTM predicts that math education will strive to
grasp the salient features of a given state of affairs and
to find in that state of affairs ways of altering relations
in such a way that the new pattern yields the desired
solution.^ What lies behind this recent trend toward
problem-solving competency is the desire to help students
to \anderstand and develop the cognitive processes which they
Elizabeth Fennema, Mathematics Education Research;
Implications for the 80's (Alexandria, Virginia: National
Council of Teachers of Mathematics, 1981), p. 1.-
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need to do math successfully. The shift of emphasis moves
concern from the specific content of mathematics to its
specific processes. In short, the internal procedures
which the learner uses for the purpose of arriving at an
answer become as important as the answer itself.
Problem solving must be the focus of school mathe¬
matics in the 1980's. The purpose for teaching many mathe¬
matical ideas in their application in solving problems.
Students must be taught many methods and strategies for
solving problems, and the definition of problem solving
must be expanded to involve students in problems from
diverse fields.^
In April 1980, NCTM released An Agenda for Action;
Recommendations for School Mathematics in the 1980's.
Krulik reported that:
The concept of basic skills in mathematics
must encompass more than computational
facility. Skills should include; problem
solving; applying mathematics in everyday
situations; alertness to the reasonableness
of results; estimation and approximation;
appropriate computational skills; geometry;
measurement; reading, interpreting, and
constructing tables, charts, and graphs;
using mathematics to predict; and computer
literacy. Estimation skills are particularly
stressed, as is the need to reason logically,
process information, and make decisions.2
ilbid., p. 2.
2
Stephen Krulik, "Problem Solving in School Mathe¬
matics," An Agenda for Action; Recommendations for School
Mathematics or the l930*s (Reston, VA; National Council
of Teachers of Mathematics, 1980), p. 4.
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Meiring describes how teachers can improve their
instructional skills:
Stringent standards of both effectiveness
and efficiency must be applied to the
teaching of mathematics. Instructional
time must be used wisely, teachers must
consider changing societal needs. Teachers
need to use effective classroom management
techniques and be aware of which teaching
strategy is most appropriate. The need
for curriculum updating forces us to con¬
front another problem; the overloaded
curriculum. Time on certain traditional
skill areas must be reduced to make room
for new objectives. For instance, the
time spent on long division must be re¬
considered in view of its limited use in
everyday situations and the availability
of calculators which can do quickly what
takes children so long to learn.1
2 3
Meiring and Driscoll, in their attempts to imple¬
ment effective and efficient strategies for improving the
teaching of mathematics, recommended the use of calculators,
computers and better use of the instructional time allotted
to mathematics. For instance, Meiring reported that:
Mathematics programs must take full
advantage of the power of calculators
and computers at all grade levels. It
is imperative to recognize the existence
of calculators and computers in daily
life. These tools must be integrated
^Stevens P. Meiring, "Problem Solving—A Basic Mathe¬
matics Goal," Ohio Department of Education (May 1981);
6-11.
2lbid., p. 5.
^Mark Driscoll, "Research Within Reach; Elementary
School Mathematics," Research and Development Interpretation
Service (May 1981): 4-5.
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into the curriculum to aid in
developing mathematical ideas as
well as in calculating. Some degree
of computer literacy for everyone is
stressed.^
It was further suggested by Meiring that:
The success of mathematics programs
and student learning must be evaluated
by a wider range of measures than con¬
ventional testing. Evaluation strategies
should be consistent with program goals,
including problem-solving goals, which
demand long-term evaluation procedures.
Evaluation includes gathering and
interpreting data of many kinds, with
informed teacher judgment a vital aspect
of the process. Teachers need help in
selecting evaluation modes, improving
diagnostic skills, and using results to
guide instructional planning.2
Driscoll emphasizes the importance of consistent
evaluation;
Evaluation strategies give teachers
insights into many of the causes of
instructional problems in mathematics.3
The teaching of mathematics has been greatly influenced
by two professional organizations, the National Council of
Supervisors of Mathematics and the National Teachers of
Mathematics in the areas of the needs of the students and
teaching competencies. In the area of the needs of students
the National Council of Supervisors of Mathematics pointed
out that;





Driscoll, "Research Within Reach; Elementary
School Mathematics," pp. 4-5.
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More mathematics study must be required
for all students and a flexible cur¬
riculum with a greater range of options
should be designed to accommodate
students' diverse needs. More time
allocated to mathematics instruction
at both elementary and secondary levels
is called for, with more options for
students. The need to stress process
goals, not just content goals, is
detailed through specific recommended
action in An Agenda for Action.1
In the area of teaching competence, the National
Council of Mathematics Teachers suggested that;
Mathematics teachers must demand of them¬
selves and their colleagues a high level
of professionalism. Each mathematics
teacher should accept responsibility for
maintaining teaching competence. Parallel
to this is the need for adequate in-service
and pre-service programs. The number of
incompetent teachers must be reduced.
Public support for mathematics instruction
must be raised to a level commensurate
with the importance of mathematical „
understanding to individuals and society.
Maffel conducted a study to find the causes of the
decline in average math achievement of piablic school
students. The findings were:
1. Math students are less likely to discipline
themselves to study and to do their homework,
2. Math students enter high school with weaker
math backgroiands.
3. Math students are weaker in reading compre¬
hension skills.
4. Teachers of math are less likely to set
minimum academic standards for students to
pass their courses.
^National Council of Supervisors of Mathematics,
"Position Paper on Basic Mathematics Skills," p. 4.
^National Council of Mathematics Teachers, p. 8.
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5. Math students are absent from class more
frequently.
6. Math curricula place less emphasis on
basic computational skills.
7. High school administrators seem to be
more occupied with non-classroom-related
' activities.
8. Teachers of math place less emphasis on
teaching basic computational skills.
9. High school administrators are less likely
to encourage teachers to set minimum
academic standards in their classroom.
10. Math curricula are more likely to make
explanations of problems unclear, with
too much formal language and abstract
symbolism.
11. High school administrators are less con¬
sistent in enforcing school policies.1
Banks suggested that the development of genuine
problem-solving abilities in mathematics requires mastery
of arithmetic as a coherent complete body of knowledge.
He contends that it is through concrete practical situation
that the child develops such mathematical abstractions as
meaning of the operations of arithmetic and such number
properties as commutative, associative, and distributive
laws.^
Troutman stated in excerpts taken from her disser¬
tation;
Anthony C. Maffel, "The Math Score Decline: A
National Survey of High School Math Teachers," Phi Delta
Kappan (November 1978); 250.
2
J. Houston Banks, Learning and Teaching Arithmetic
(Boston; Allyn and Bacon^ Inc., 1965), pp. 405-415^
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A child who tries to solve a problem
must go beyond the immediate situation
and moment to select and organize
pertinent stored imagery and ideas
from his life's experiences. The child
who must resort to meaningless memorized
routines is likely to fail, especially
if his efforts are accompanies by feelings
of inadequacy or distaste. If, on the
other hand, his past experiences invite
comprehension and pleasure, he will
attempt the solution of a problem with
relative security. By relating this
knowledge to mathematics education for
children we can draw a conclusion;
What children see and do, the types of
mathematical images they develop, and the
pleasure and self-confidence they associate
with these experiences determine, to a
great extent, their potential for developing
mathematical and problem solving abilities.^
Schoenfeld conducted a study at the University of
California, Berkeley, to determine if students were being
taught problem-solving strategies. He found that instruc¬
tion in problem-solving strategies has an advantage over
problem-solving experiences on students' problem-solving
performances.^
Effectiveness of Methods
Hudgins used the questioning method in a study
designed to examine the relative effectiveness of problem¬
solving by groups and by individuals. The findings indicated
^Andria Troutman, "Strategies for Teaching Elementary
School Mathematics," The Arithmetic Teacher 20 (October
1973); 425-436.
2
Alan Schoenfeld, "Explicit Heuristic Training as a
Variable in Problem Solving Performance," Journal for
Research in Mathematics Education 10 (May 1979); 173-187.
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that although groups of students working cooperatively
solved more problems than students working alone, there
was no significant improvement in problem-solving per¬
formance because of the group experience.^
. A. Harmon designed a study to compare the effective¬
ness of two methods of teaching problem solving. One of
two methods was the; Rate Meaningful method which is an
interrogative approach with respect to achievement in
problem solving. The other method was the Inquiry method.
The study was conducted in ten sixth grade classes in
New York suburbs. The probelm solving focused on ratio
problems. Students from one treatment group were matched
with students from the other treatment group by means of
I.Q. measures. A pretest and posttest were administered
and analyzed by analysis of covariance for significance
of differences. One conclusion was that the Rate Meaning¬
ful method was more effective with the average and high
treatment group while the Inquiry method was found to be
2
more effective for the low groups.
A considerable number of studies have investigated
the modern and traditional programs of teaching mathe¬
matics. For instance in the spring of 1964, Rosenbloom and
^Bryce Hudgins, "Effectiveness of Group Experience on
Individual Problem Solving," Journal of Educational Psychol¬
ogy 51 (February 1960): 37-42.
2
Adalaide Harmon, "Problem Solving in Contemporary
Mathematics: The Relative Merits of Two Methods of Teach¬
ing Problems in the Elementary School," Dissertation
Abstracts 30 (February 1970); 27-48.
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Ryan conducted a study pertaining to the effectiveness of
various kinds of mathematics courses, including both
conventional courses and new courses developed by the
School Mathematics Study Group, the University of Illinois
Coinmittee on School Mathematics, the Ball State Teachers
College, and the University of Maryland Mathematics Project.
The study was concerned with the differences in
achievement between pupils instructed with conventional
materials and those instructed with one of modern programs.
The study included volunteer teachers from a five-state
area who were invited to participate for a two-year period,
they taught a class using conventional materials during the
first year, and two classes, one with conventional and one
with modern materials, during the second year. The task of
the study was to test students to determine initial
measures of achievement, final achievement, and retention.
The findings were that the modern programs had not strongly
increased or decreased achievements. However, there were
some exceptions to the overall findings, but even those did
not strongly favor the modern curriculum.^
Austin and Prevost also conducted studies to ascertain
advantages and disadvantages of the modern programs. The
^P. C. Rosenbloom and J. J. Ryan, Secondary Mathe¬
matics Evaluation Project; Review of Results (St. Paul,
Minnesota; St. Paul Minnesota National Laboratory, 1968),
p. 10.
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studles compared groups of students studying from modern,
transitional, and traditional materials during 1963-1967.
The results of the studies revealed that the pupils
studying the modern materials outdistanced the other two
groups on the Otis Mental Ability Test but performed lower
on computation testing. More specifically, the studies
revealed that the students in modern programs achieved
higher in comprehension of mathematical concept measures
but scored lower in measures of computational ability than
their counterparts in conventional programs.^
Another influential five-year study was conducted by
Begle and Wilson. The purpose of the study was to compare
the effectiveness of conventional and modern textbooks as
well as the effects of student attitudes and backgrounds of
teachers. Three populations were studied in the fall and
spring of each year. Fourth and seventh grade students
were tested for the full five years. The population,
consisting of tenth grades, was examined during a three-
year period. The results revealed that the variability
of means associated with the textbook groups decreased as
the grade level increased. Further, the modern textbook
group performed better than conventional groups on compre¬
hension, analysis, and application levels, but not on the
^Gilbert Austin and Fernand Prevost, "Longitudinal
Evaluation of Mathematics Computation Abilities of New
Hampshire's Eighth and Tenth Graders, 1963-1967," Journal
for Research in Mathematics Education 3 (May 1972); 59-64.
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computatlonal level. However, it was also revealed that
some of the modern textbooks produced poor results on all
levels from analysis through computation. The conclusion
of this study is similar to the study of Austin and
Prevost that students' abilities to perform mathematical
computations decline, although comprehension, analysis and
application levels had significantly improved.^
Summary of Literature Pertinent to
Problem Solving in Mathematics
Related literature pertinent to problem solving in
mathematics is summarized below:
1. Students must be taught many methods
and strategies for solving problems.
I
2. Mathematics programs must take full
advantage of the power of calculators
and computers at all grade levels.
3. More mathematics studies must be
required for all students and a
flexible curriculum with a greater
range of options should be designed to
accommodate students' diverse needs.
4. The experience that a student receives
while solving problems involving a given
concept both enhances his understanding
of that concept and improves his
retention of it.
5. A characteristic of mathematics is that
concepts and skills from one lesson are
often prerequisite to the following lesson.
E. G. Begle and J. W. Wilson, "Evaluation of Mathe¬
matics Program," Mathematics Education (Chicago: National
Society for the Study of Education, 1970), p. 16.
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6. In the traditional method there is a
lack of problems that provide experience
in discriminating among different concepts
and problem types.
7. In mathematics reviews are critical in
facilitating recall of previously learned
material, and thus should review careful
consideration in the design of learning
activities.
8. There is little attention devoted to
independent student exploration of mathe¬
matical ideas in the average mathematics
classroom.
9. The main criticism of the traditional
approach is that work is only done on one
topic at a time.
10. Mathematics teachers must demand of them¬
selves and their colleagues a high level
of professionalism.
11. The new learning must be related to some
phase of life which the pupil thinks is
important.
12. Problem solving should not be deferred
until computational skills are measured.
13. Before children learn basic addition and
subtraction facts they solve arithmetic
problems by counting.
14. The term problem solving now includes
other types such as non-routine mathe¬
matical problems and real (application)
problems.
15. The solution to a problem may provide a
problem solver with algorithms for future
exercises.
16. Experience in solving non-routine problems
can help students transfer methods of
problem solving to new situations.
17. Problem solving ability develops slowly
over a long period.
18. Teaching for problem solving is one of
the most difficult tasks facing the teacher
at any level.
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19. Very little effort is made to investigate
future topics, to reinforce previous topics,
or to provide experiences that promote
discrimination among concepts in order to
make the mathematics more available for the





This chapter sets the specific steps followed in the
data gathering procedures which are detailed in the fol¬
lowing sections: (a) the population sample which con¬
stituted the subjects of this research; (b) the experi¬
mental procedures; (c) the experimental treatment; (d) the
data collection and analysis plans; and (e) the analysis
of the data from the from the first intermediate test, the
second intermediate test, the posttest and the summary of
the results.
The Population Sample
The universe from which the population sample was
taken was the sixth grade at Frank L. Stanton Elementary
School in the Atlanta Public School System, Atlanta,
Georgia as of 1981-82. The sample itself consisted of 56
sixth grade pupils. The school has an enrollment of approxi
mately 335 pupils, ranging from grades kindergarten through
seven.
According to the Elementary and Secondary Education
Act of 1965, Title I schools receive federal funds because
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they have a large concentration of children who, because of
economic deprivation, have not had full educational oppor¬
tunities. This form of specialized aid was designed to
break the cycle of poverty which affects many areas of the
nation. Reflecting the purpose of the Act, the formula
for determining grants to local districts is: j x b =
number of dollars payable to local districts where a =
average expenditures per pupil in the state and b = number
of children ages 5 to 17 coming from families with annual
incomes of less than $2,000 and the number of children ages
5 to 17 from families whose incomes from aid to families
with dependent children are $2,000 or more.^
The researcher initially contacted the area superin¬
tendent of the Atlanta Public Schools and secured his per¬
mission to conduct the study. In addition, the area
superintendent was apprised of the nature and purpose of
the study, as well as informed that the results of the
study would be made available once the analyses are com¬
pleted. And too, it was understood that the participation
in the study was to be voluntary on the part of the prin¬
cipal and the staff of the school.
It then became necessary to contact the building
principal and secure his cooperation in the proposed research.
Consequently, in March 1981, the principal of Frank L.
^Oscar T. Jarvis, Harold W. Gentry, and Lester D.
Stephens, Public School Business Administration and Finance:
Effective Policies and Practices (West Nyack, New York:
Parker Publishing Company, Inc., 1967), pp. 86-87.
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Stanton Elementary School was initially contacted by the
researcher in person. This initial contact was followed
by a letter explaining the pvirpose, procedure, and expected
outcomes for the study. The school's two sixth grade
classes were included in the study, thereby negating any
direct sampling problem.
Experimenta1 Procedure
The study used a posttest only control group design.
This design permits a single treatment being compared to no
treatment. In essence, the ccanparison was with the specific
activities of the control group which had filled the time
period corresponding to that during which the experimental
group received the treatment. Secondly, equivalent groups
as achieved by randomization were employed. Furthermore,
where pupil anonymity must be kept, the posttest only
control group design is usually the most convenient.^
This design calls for an experimental group A and
a control group B. Two sixth grade classes of twenty-eight
pupils each made up the groups. Scheduling procedures
provided that pupils were randcanly assigned to each group.
The researcher attempted to neutralize the effect of
whatever factors had not been adequately controlled by
^Donald T. Campbell and Julian C. Stanley, Experi¬
mental and Quasi-Experimental Designs for Research (Chicago:
Rand McNally College Publishing Company, 1963), pp. 25-26.
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assigning the groups at randan to experimental or control
groups. In essence, care was taken to avoid bias or con¬
scious or unconscious choice of the experimental and the
control groups. To avoid these possibilities, the lottery
technique of random sampling was employed to insure the
possibility that each group in the population having an
equal chance of being the experimental or the control group.
For example, the experimental group was determined by
selecting 2"x2" card at random from a box, which had been
shaken vigorously for a period of time, containing the
letters A and B. The letter pulled first denoted the
experimental group and the letter pulled second became the
control group. The teachers, of whom one was not the
researcher, met each class daily for 45 minutes in the
morning. In order to minimize the possibility of biases
in the assigning of teachers to the CDA math and traditional
groups, the lottery technique was used by drawing the name
of the group from a small closed box. In essence, the
names CDA math and Traditional math were placed in a box.
The tossing coin procedure was used to determine who would
select a name from the box. The tossed was won by the
researcher and the CDA math method was drawn from the box
by him. However, both teachers have equal levels of train¬
ing and experience. Furthermore, both sixth grade teachers
have received superior rating pertaining to their teaching
performance from their immediate principal and resource
personnel. The study lasted for eight weeks.
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Research Methodology
Group A was subjected to experimental factors of CDA
math instruction from January 1, 1982, to. March 9, 1982.
Group B was subjected to the traditional math instruction
for the same period of time. The teacher of Group B fol¬
lowed the procedure suggested in the textbook. Mathematics,
as his method of teaching the addition and subtraction of
fractions.^ These methods included demonstrations, repeated
practice and drill. For example, in the control group the
teacher would write pairs of fractions on the chalkboard
and call on pupils to tell the common denominator and then
rewrite the fraction which does not have this denominator.
For instance:
3n2_7_521_J^
4 16 ' 5 20 ' 12 3 ' 7 21
Similarly, the teacher could call on pupils to
3 7
describe the steps in finding a sum such as ^ Next
the pupils would do some addition with fractions in which
the sum is greater than 1. The teacher reminded the pupils
to write a fraction greater than 1 as a mixed number.
In initiating the CDA math program, the teacher
placed a major emphasis on language development. A major
objective of all the activities was to have the pupil to
observe, think, and gain skill in using natural language to
^Earnest R. Duncan, et al.. Mathematics (Boston:
Houghton Mifflin Company, 1978), pp. 192-210.
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descrlbe patterns, relationships and the connections which
occur regularly in mathematics.^
On the other hand, the teacher utilized patterns and
relationships to foster success for each pupil in learning
to.memorize the basic facts in the addition and subtraction
of fractions. For instance, experiences were provided in
one or all of the following:
1. Establishing a model using real objects
that the pupils can visualize in their
minds even when the objects were not
present.
2. Discussing models using sketches and
diagrams that helped pupils see and
talk about relationships as they went
from one problem to another.
3. Looking for clues in order to plan
strategies for remembering and for
solving problems. For instance, con¬
nections were being made when the pupil
observed and talked about how the sketches
on cards were arranged and how they had
common features; and patterns and relation¬
ships have been found when the pupil
describes the repetition of the same number
in a row of fractions on the chart, on the
cards or on the ten frame activities.
4. Repeating related number sentences out
loud so that verbal patterns were
established.2
Moreover, during the first week, the teacher moved
around the room during the math period, helping and observ¬
ing the pupils as they worked the fractions. When the
^Robert W. Wirtz, CPA Math: Patterns and Problems
(Washington, D.C.: Curriculum Development Associates, Inc.,
1974), p. 3.
2
Robert W. Wirtz, CPA Math: Individualized Computa¬
tion (Washington, D.C.: Curriculum Development Associates,
Inc., 1974), p. 4.
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teacher felt that they were secure in what they were doing,
he began having conferences. Each pupil had individual
conferences with the teacher when he was able to add or
subtract fractions. A significant characteristic of the
CDA math method of instruction was the close relationship
between the pupils and teacher. A very free and easy
exchange of ideas and feelings promoted and encouraged
interest.
Book spirals around eight major activities
that are introduced in the first twelve pages and that are
repeated between two review tests. Fraction work is
particularly important in F^^. In essence, fraction work
is developed at an abstract level and may require supple¬
mental work with manipulative objects. Book F^ is used
with Patterns and Problems F.
Book F2 spirals around seven major activities
that are introduced in the first eleven pages and that are
repeated between review tests. Primarily, the focus is
on fractions and decimals.
Moreover, the researcher's first concern was that
materials be available so that children could; (1) meet
all the big ideas at the manipulative level, (2) move on
when they were ready to develop those ideas with the aid
of pictures, sketches and diagrams, and (3) explore the
same ideas using symbols, at the abstract level.
The second concern was that all children, including
slow learners be given many opportunities and much
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encouragement to solve problems and make their own
investigations.
The third concern was that all children be introduced
to activities at gradually increasing levels of complexity
and sophistication, but always short of that level of
frustration that precludes learning. For example, a child
was asked to get a dozen of eggs, or the teacher asked for
the fraction and pupils were to put the number of eggs
in the carton to demonstrate that fraction. Followed by
1 112
another jj, pupils wrote the given fractions: X2 TT ~1.In the addition problems, pupils added and reduced to
6
the lowest terms.
Other questions to explore were:
1. Using only addition, how many different
fractions were there to get from 1 to 12?
T2 12
2. Using only subtraction, how many different
fractions were there to get from 12 to 1?
U 12
3. Learners had the chance to make up their
own questions.^
Presentation and Analysis of Data
In this section, the data obtained from the admin¬
istration of two intermediate tests and a posttest are
presented. The data are organized and presented in the
order in which the testing occurred. On the last day of
the eight-week period of instruction each group was
^For detailed plans for the CDA procedure see
Appendix A.
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adminlstered the same posttest,^ The items on the posttest,
prepared by the researcher, were selected from teacher-made
tests and several mathematics textbooks.
After the posttest was administered, the difference
In. the posttest mean scores was analyzed using "t" test at
.05 level of significance for 54 degrees of freedom.
The actual computation was prepared on a PDP 11/40
computer terminal at Morehouse College Computer Center.
After being given a general overview of CDA math, the
experimental group appeared to like the process. The
materials, the books, and the method of approach were new
to the pupils and thus aroused much interest and enthusiasm
among them. The pupils looked forward to the designated
time for math each day and did not want to cease working
when class time was terminated.
Based upon classroom observations and pupils' response,
it seemed that the subjects had some difficulty in handling
the CDA math approach as a result of prior experience with
traditional backgroiands. As the sessions progressed, the
pupils were able to respond to the CDA method enabling them
to become more involved as they gained a better under¬
standing of this "new" approach, which is evident in the
data found in Table 1.
1
See copy in Appendix A.
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After two weeks of instruction, unit test on materials
covered was administered to both groups (Table 1).
TABLE 1
COMPARATIVE DATA ON FIRST INTERMEDIATE TEST




A 68.61 26.53 5.01
7.50 1.02*
(Control)
B 61.11 28.68 5.42
*Not significant
Even though the difference in mean scores is non¬
significant, the data show the experimental group having
made more gain in the study of fractional mathematics
achievement. Although, there is no conclusive explanation
for the results, any number of influencing factors may be
involved, one of which may have been the newness of the
approach, causing the pupils to be more enthusiastic about
the task. The experimental group continued to respond
favorably to the CDA process. To this point no noticeable
over-all change was evident. As time and instruction
progressed the responses were desirable and more in keeping
with the requirements of CDA.
The pupils of the experimental group showed evidence
of enjoying the procedures specified in the CDA math approach
-52-
as compared to those required in the traditional process.
In the CDA approach the pupils were allowed the opportianity
to experiment with various concrete objects in order to
simplify the operation of computation of fractions. The
subjects' understanding was also enhanced, allowing them
to be able to perform independently.
The second unit test, materials covered during the
second two-week period of instruction, was administered to
both groups after four weeks of instruction (Table 2).
TABLE 2
COMPARATIVE DATA ON SECOND INTERMEDIATE TEST




A 64.23 26.03 5.10
.68 1.40*
(Control)
B 53.46 29.49 5.78
*Not significant
The data as presented in Table 2 show the experimental
group still maintaining a gain in mathematics achievement
as compared to the gain made by the control group, although
the gain was still not significant.
As we compare the performance of the experimental
group on Table 1 to its performance on Table 2, the
data indicate that the twenty-^eight pupils comprising the
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experimental group show a decline in the mean score. There
appear to have been several weaknesses among the independent
factor concepts due to conditions unknown to the investi¬
gator, but perhaps lack of prior exposure.
By virtue of the fact that many of the pupils may
have entered grade six with poor backgrounds in the area of
arithmetic computation, a positive change took place in the
work and attitude of the experimental group. This is felt
to be due to the discipline one needs in order to work
mathematics problems. It should also be noted that the
type of response in the CDA math was different from that
required in the traditional group. CDA math requires the
pupils to verbalize using complete statements and place
value expressions. Pupils also responded differently in
their approach to the work to be done.
At the end of the designated time for the study, the
subjects in both groups were administered a posttest
covering all of the skills taught during the eight week
period (Table 3).
TABLE 3
COMPARATIVE DATA ON POSTTEST




A 59.00 26.78 7.19
1.20 5.94*
(Control)
B 49.25 32.7 5.99
♦Significant at .05
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These data show the experimental group had an achieve¬
ment gain over the control group. Furthermore, class per¬
formance and homework assignments of members of the experi¬
mental group showed greater improvement than evident on
the tables. These students were able to utilize the
communicable skills of the language of mathematics in
order to express their ideas and also to think quantitatively.
During the weekly meetings of the two teachers involved
in the study, it was revealed that pupils in the control
group were not required to project themselves as were the
pupils in the experimental group. The control group was
only required to learn "How", while the experimental group
was required to learn both "How" and "Why." The teacher
of the control group reported that the traditional math
approach did not offer a challenge to the pupils. The
researcher noted that the CDA math approach afforded the
pupils an opportunity to broaden their mathematical
horizons.
Reactions of the pupils, prinicpal and parents, while
not included in this study, were subjective but valuable.
All appeared to have been more enthusiastic about the CDA
math approach than they were about the traditional math
approach.
CHAPTER IV
SUMMARY, FINDINGS, CONCLUSIONS, IMPLICATIONS
AND RECOMMENDATIONS
Siimmary
The purpose of this study was to compare the mathe¬
matical achievement of two groups of sixth grade pupils,
one taught by the CDA math method and one taught by the
traditional method.
The posttest only control group design was used. Each
group was administered a posttest at the end of the eighth
week. The tests contained problems involving the addition
and subtraction of fractions. The "t" ratio at the .05
level of confidence was used to test the statistical signifi¬
cance of the difference between means for the two groups.
The study was conducted in two sixth-grade classes
in Atlanta, Georgia. The following hypothesis was tested:
There is no significant difference in mean
mathematical achievement scores between
sixth grade pupils who are taught by the
CDA math, method and pupils who are taught
by the traditional method.
The period of the study was eight weeks and the sub¬
jects for this study were 56 pupils enrolled in two sixth
grade classes at Frank L. Stanton Elementary School assigned
to two teachers. The pupils were randomly assigned to the
-55-
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two groups. The experimental group was taught by the CDA
math method and the control group was taught by the
traditional method.
The posttest scores were interpreted as measures of
the eight-week achievement period in the addition and
subtraction of fractions.
Findings
The posttest data revealed that there was a signifi¬
cant difference in favor of the experimental group as shown
by the "t" of 5.94 at .05 level of confidence.
Conclusions
The null hypothesis that there is no significant
difference in mathematics achievement of addition and
subtraction of fractions between CDA and traditionally
taught sixth-grade pupils was rejected. This indicates
that the CDA-experimental method of instruction was a more
effective teaching method than the regular textbook method
in stimulating pupil proficiency in mathematics achievement.
Discussion
The hypothesis posed in this study was concerned
with the relative mathematical achievement of two groups of
sixth-grade pupils, one taught by the CDA math method and
one taught by the traditional method. An examination of
the data reveals that the mean achievement scores of the
group taught by the CDA math method was significantly
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greater, as indicated by a "t" of 5.94 at .05 level of
confidence and 54 degrees of freedom, than one group
taught by the traditional math method.
The test score findings of this study demonstrated
the superiority of mathematics achievement of the CDA
taught group over the traditionally taught group of sixth
graders.
Several previous studies by Austin and Prevost (1963-
1967)[ and Begle and Wilson (1970) tended to emphasize and
document the advantages and superiority of the CDA and
other modern mathematics methods over the traditional
methods of instruction. Austin and Prevost conducted
studies to ascertain advantages and disadvantages of the
modern programs of mathematics. The studies compared
groups of students studying from modern, transitional,
and traditional materials during 1963-1967. The results
of the studies revealed that the pupils studying the modern
math materials out-distanced the other two groups on the
Otis Mental Ability Test but scored lower in measvires of
computational ability than their counterparts in con¬
ventional programs.^ Begle and Wilson conducted studies
to compare the effectiveness of modern textbooks as well as
the effects of student attitudes and background of teachers.
^Austin and Prevost, "Longitudinal Evaluation of
Mathematical Computation Abilities of New Hampshire's
Eighth and Tenth Graders, 1963-1967," pp. 59-64.
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The conclusions of the studies are similar to the studies
of Austin and Prevost that students' abilities to perform
mathematical computations declined, although comprehension,
2
analysis and application levels ahd significantly improved.
Another possible explanation, other than the broad
methodological difference between CDA math, modern math,
and traditional math, for the significant difference in
mathematical achievement between the two groups could be
attributed to manipulative aids and realistic problem¬
solving activities.
Teachers can help their pupils solve mathematical
problems by extensive practice of the basic facts in problem
settings with manipulative objects such as puzzles, sketches
or movable objects. Mathematics textbooks, with rare
exceptions, are packed with unrealistic problems pupils
would be called upon to solve in real life. The CDA math
approach provides many activities and games both teachers
and parents can use to help create an environment where
problems occur naturally and children will naturally try to
use mathematical thinking to solve them. The writer
believes that real counting and measuring activities should
be experienced in order to develop these understandings in
ways that will tend to make them useful in everyday life.
Further, the writer believes that after a wealth of varied
^Begle and Wilson, "Evaluation of Mathematics Pro¬
gram," p. 16.
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experiences with manipulative materials the pupils will
know many of the facts of whole and rational numbers
(decimals and fractions) because they have used them so
often in meaningful settings.
Implications
The implications that grew out of the findings are
1. It would appear that the CDA math
instruction must become a high
priority concern for teachers,
principals, and supervisors.
2. It would appear that high
mathematics achievement may be
assured to a greater extent by using
the CDA math approach.
3. It would appear that there are other
factors than native ability that
account for the fact that some groups
achieve higher than others on mathematics
tests.
Recommendations
1. The CDA math techniques should be more widely used
as an alternate method to traditional mathematics
techniques in the Atlanta Pviblic School, Atlanta,
Georgia.
2. There is a need for further experimentation with
two methods (CDA math and traditional), using more
subjects and over a longer period of time.
3. Research should be done to study the effectiveness
of the CDA math for teaching other than addition
and subtraction of computational skills.
4. It would appear that a more discriminating type
of research into the differences in classroom
practices would be worthwhile in the improvement
of mathematics programs.
-60-
5. It would appear obvious that there is a need
for further investigation concerning the role
and managed effectiveness of the CDA math







ThursdaVf January 7, 1982
Overview of class
Introduction to lab
Brief introduction of fractions
Lecture and demonstration - teacher
Questions and answer period by pupils
Homework assignment:
(1) What is a fraction - Name its parts - Regrouping
Friday, January 8, 1982
Review of previous class - pupils
Discussion of home assignment
(put in own words)
Demonstration: How to add fractions
Thought provoking questions ...
If the numerator is written above the line—what is
the number called that's written below the top
denominator?
Monday, January 11, 1982
No school Inclement weather
Tuesday, January 12, 1982
Review of home assignment (fractions that = 1)
Meaning of a fraction
Three kinds of fractions:
A. Proper, Improper and Mixed number
How to tackle a fraction:
A. Mathematical Operation +, -, or t
B. Check out the Denominators
1. If the same—proceed with working the problem
2. If different—find the LCD or (Least Common
Denominator)
Discussion = How to find one (LCD)
Drawing from past learnings:
Finding the greatest and least common factor
Assignment: Make two inch squares showing the following
,111 1 1





Tuesday, January 19, 1982
Review of home assignment by pupils
Brief overview of the use of fractional parts
(numerator » number wanted, denominator = number you
have)
Eupil discovery » making halves from whole, fourths
from halves, eighth from fourth and etc. from fractional
parts.
The following point was emphasized:1."The larger the denominator, the smaller the
quantity (part, piece, section)"
Strategies/cues were discussed, explained and
demonstrated for use in solving additional
fractions with the denominators.
Homework Assignment:
Several problems in addition of fractions
Pupils are also asked to bring an egg carton to class
for next day's assignment.
Wednesday, January 20, 1982
Discussion concerning home work as related to classroom.
Egg cartons were distributed to each pupil to be
used for day's world. Each pupil was also given 12 discs
to be used.
Class exercises:
1. Put one disc in each crater.
2. Take out 1/12 of the dozen.
How many eggs will you give away? Why?
3. Ways of getting h - Discussion
4. Other names for 6/12 - Discussion and Discovery
Discovery: Find ^ of 12. How many eggs would you give
or get?
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Thursday, January 21, 1982
1. Overview and discussion of home and classwork.
2. Lecture - Demonstration; How to get a fractional
part from a whole number?
What the parts stand for?
'3. Building a vocabulary of math terms:
Dozen means twelve no matter what size,* color or shape
*Size - large t smaril
huge - little
enormous - infinite, etc.
4, Seat work - one example at a time - selected from
work sheet - page 34 CDA book D2
Homework assignment:
1. Complete problems in top row only.
2. Be able to tell why?
Friday, January 22, 1982
Discussion and questions concerning home assignment.
Quiz: Written
Fill in blank; 35 points
Find the following: 30 points
Word Problems: 15 points
Compute; 20 points
100 total points
Fill in the blank ...
1. The unit of work is about .
2. A fraction has main parts.
3. The bottom part is called a .
4. The part at the top is called the .
5. The 2. tells how many we have.
6. The
; tells how many we want.
7. The smaller the the larger the quality.
Find the following and tell how many . . .
of 12 » y| of 12 = of 12 =
1 of 12 = 4 of 12 = _3 of 12 =
3 ““ 4 12
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What are other names for “





Monday, January 25, 1982
Pupils were given a test for the first 20 minutes of the
class.
Answers were given by pupils and teacher following the
collection of test papers.
The remainder of the class period was spent demonstrating
the process of addition of fractions and how to reduce
to lowest terms.
Tuesday, January 26, 1982
Use of manipulative materials
Egg cartons and disc
Finding fractional parts of 12.
Wednesday, January 28, 1982
Use of manipulative materials . . .
Egg cartons, disc, pencils and paper
Addition of fractional parts of 12.
Teacher will ask for a certain fraction
e.g., hf pupils are to put the number of eggs in
the carton to demonstrate that fraction (1); followed
by another 1/12 - Pupils will write the given
fraction: 1/12 + 1/12 = 2/12 = 1/6 add and reduce
to lowest terms.
Explanation of reduction . . .
Explanation of how we get 1/6
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Ass Ignment:
Make up several additional problems, work and reduce
where possible.
Folders were made for all pupils to keep homework in .
Thursday, January 28, 1982
Pupils will remain in classroom. Title I staff will
meet with them there in order that there will be space
enough to spread out to do the following assignment;
1 2 1 7
T1 T7 T 7
1 4 2 5
17 T7 7 8
2 1 2 12
3 8 7 T7






Friday, January 29, 1982
Go over test problems
Answer any questions pupils may have concerning test
problems—through lecture-demonstration and concrete
objects.
Monday, February 1, 1982
Introduction to finding the LCD of addition. Used CDA
backs with problems that had unlike denominators.
Tuesday, February 2, 1982
No class
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Wednesday, February 3, 1982
Reviewing addition of fraction
Used CDA books
Points emphasized = Reducing to the lowest term.
Find
Thursday, February 4^ 1982
Solving problems with unlike denominators.
Finding the LCD - Two methos (1) Multiply one denominator
by the other (may not always be the lowest), and (2)
Use the multiplication tables to find the common product.
Friday, February 5, 1982 - Random calling . . .
Board work - Subtraction; Homework




1. How do you know when a number is in its lowest terms?
2. Steps in subtracting a fraction . . .
3. Adding mixed numbers . . .
Monday, February 8, 1982
Subtraction of a fraction from a whole number.
Rule: In order to subtract a fraction from a whole
number, change the whole number to a fraction
and subtract fraction from fraction.
Tuesday, February 9, 1982
Subtraction of fractions from whole numbers. Film on
fractional steps
Like and unlike denominators and mixed fractions
Wednesday, February 10, 1982
Unlike denominators - How to find a common one Cfollow
up from Tuesday).
CDA book page 9.
Reducing to lowest terms
Lecture and Demonstration
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Thursday, February 11, 1982
CDA book work continue - Discussion
Mixed numbers
»
Friday, February 12, 1982
Catch up - Clear up - Work for week
February 15-19, 1982
The week was devoted to homework in fractions; mixed numbers
CDA book pages 18, 24, 28, top of 30
Individual pupils were given a problem for the homework—
for which he had to work and explain in writing.
February 22-26, 1982
Pupils worked on mixed numbers, finding the LCD, reducing
to lowest terms.
March 1-5, 1982
Introduction to work in book F2
(A) Change to simplest form
(B) Change to equivalent fractions
(C) Change to a proper fraction
(D) Change to a mixed number
Pupils used concrete objects in various dimensions to
identify or discover the number of 9ths it requires to
make 1/3 and etc.
Pupils were assigned homework each day.
March 9, 1982
Pupils were given final test, which consisted of 20
problems—which covered all of the types of problems
studied in this class.
Appendix B
Posttest of Addition and Subtraction
of Fractions
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NAME DATE GRADE ROOM
ADDITION AND SUBTRACTION OF FRACTIONS
FIND. EACH MISSING NUMBER.
<l) Vj - u (2) lVi5= - (3) V4 = -
REDUCE TO LOWEST TERMS.
(4) Vg » (5) V12 - (6) =
CHANGE TO A MIXED NUMBER.
(7) = (8) = (9) =^ 0 2_0
WRITE WITH A COMMON DENOMINATOR.
CIO) \ (11) V44 \q (12) %
ADD AND REDUCE SUBTRACT AND REDUCE
TO LOWEST TERMS TO LOWEST TERMS
(13) Vs ^ '/s = (17) 11 - 6V2 =
(14) Vs * ’Vg = (18) 00 - "Vg
(15) V3 II+ (19) 00 ro - 2^/3





Banks, Houston J. Learning and Teaching Arithmetic.
Boston: Allyn and Bacon, Inc., 1965.
Bigge, Morris L. Learning Theories for Teachers. New York
Harper and Row Publishers, Inc., 1964.
Boisclair, Elizabeth J. "Helping Teachers Improve Mathe¬
matics Instruction." Teaching Mathematics in the
Elementary School. Washington, D.C.; National
Association of Elementary School Principals, NEA
National Council of Teachers of Mathematics, 1970.
Bruner, Jerome S. The Process of Education. New York:
Random House, 1960.
Bruner, Jerome S. Toward a Theory of Instruction.
Cambridge: Harvard University Press, 1969.'
Bruner, Jerome S.; Oliver, R. R. and Greenwood. Studies
in Cognitive Growth. New York: Random House,
1960. ■
Campbell, Donald T. and Stanley, Julian C. Experimental
and Quasi-Experimental Designs for Research.
Chicago: Rand McNally College Publishing Company,
1963.
Childs, Irvin L. H^anistic Psychology and the Research
Tradition: Their Several virtues. New York: John
Wiley and Sons, Inc., 1973.
Clark, John R.; Junge, Charlotte W.; and Clark Caroline H.
Growth in Arithmetic, Teacher’s Edition. New York:
World Book Company, 1952.
Duncan, Earnest R., et al^ Mathematics. Boston: Houghton
Mifflin Company, 1978.
Fennema, Elizabeth. Mathematics Education Research:
Implications for the 80's. Alexandria, Virginia;
National Council of Teachers of Mathematics, 1981.
-73-
-74-
Goodlad, John. "Schooling and Education." The Great
Ideas of Today, 1969. Chicago; Encyclopedia
Britannica, Inc., 1969.
Guilford, J. P. and Fruchter, Benjamin. Fundamental
Statistics and Education. New York; McGraw-Hill
Book Company, 1973.
Hurd, Paul D, and Gallagher, James J. New Directions in
' Elementary Science Teaching. Belmont, California:
Wadsworth Publishing Company, 1969.
Krulik, Stephen. "Problem Solving in School Mathematics."
An Agenda for Action; Recommendation for School
Mathematics of the 1980*3. Restan, VA: National
Council of Teachers of Mathematics, 1980.
LeFrancois, Guy R. Psychological Theories and Human
Learning; Kongor Report. Monterey, California;
Brooks/Cole Publishing Company, 1972.
Letter!, Charles A. "Cognitive Style; Implications for
Curriculum." Curriculum Theory. Washington, D.C.;
Association for Supervision and Curriculum Develop¬
ment, 1977.
Pratt, David. Curriculum Design and Development. New York
Harcourt Brace Jovanovich, Inc., 1980.
Ragan, William B. Modern Elementary Curriculum. New York;
Holt, Rinehart and Winston, 1960.
Stern, Catherine and Stern, Margaret B. Children Discover
Mathematics. New York; Harper and Row Publishers,
1971.
The World Book Encyclopedia. Boosting Math Scores.
Chicago; World Book Encyclopedia, Inc., 1982.
Thomas, Devine G. Teaching Study Skills; A Guide for
Teachers. Boston; Allyn and Bacon, Inc., IWTT
Tiegs, Earnest and Clarke, W. W. California Achievement
Test. California: California Test Bureau, 1977.
Journals and Periodicals
Atkins, J. M. and Karplus, R. "Discovery Invention."
The Science Teacher 29 (September 1962); 45-51.
-75-
Brooks, C. R. and Clair, T. N. "Relationship Among Visual
Figure Ground Perceptions, Word Recognition, I.Q.,
and Chronological Age." Perception and Motor
Skills 36 (August 1976): 38-42.
Brownell, William A. "Arithmetic in 1970." The National
Elementary Principal (October 1959): 3-^5'^
' Bruner, Jerome S. "The Act of Discovery." Harvard
Educational Review 31 (May 1961): 21-3TI
Davis, A. J. "Cognitive Style: Methodological and Develop¬
ment Consideration." Child Development 42 (May 1971):
1447-1459.
Driscoll, Mark. "Research Within Reach: Elementary School
Mathematics." Research and Development Interpretation
Service (May 1981): 4-5.
Greabell, Leon C. "The Effect of Stimuli Input on the
Acquisition of Introductory Geometric Concept by
Elementary School Children." School Science and
Mathematics 40 (June 1978): 320-126.
Hawkins, D. "Messing About Science." Science and Children
2 (February 1965): 5-9.
Hudgins, Bryce. "Effectiveness of Group Experience on
Individual Problem Solving." Journal of Educational
Psychology 51 (February 1960): 37-42.
Meiring, Stevens P. "Problem Solving: A Basic Mathematics
Goal." Ohio Department of Education (May 1981): 6-11.
Maffel, Anthony C. "The Math Score Decline: A National
Survey of High School Math Teachers." Phi Delta
Kappan (November 1978) 250.
National Council of Supervisors of Mathematics. "A Position
Paper on Basic Math Skills." Arithmetic Teacher
(October 1977); 19-22.
Schoenfeld, Alan. "Explicit Heuristic Training as a Variable
in Problem Solving Performance." Journal for Research
in Mathematics Education 10 (May 1979): 173-187.
Troutman, Andria.. "Strategies for Teaching Elementary




Harmon, Adalaide. "Problem Solving in Contemporary Mathe¬
matics; The Relative Merits of Two Methods of
Teaching Problems in the Elementary School.”
Ph.D. dissertation, New York University, 1970.
Hohlfeld, Joseph F. "Effectiveness of an Immediate Feed¬
back Device for Learning Basic Multiplication
Facts." Ed.D. dissertation. New York University,
1976.
Kraus, W. H. "An Exploratory Study of the Use of Problem
Solving Heuristics in the Playing of Games
Involving Mathematics." Ph.D. dissertation.
University of Wisconsin, 1969.
Marks, Annie White. "The Effects on Mathematical Achieve¬
ment of Teaching Problem Solving Techniques to
High School Students in General Mathematics."
Ed.S. thesis, Atlanta University, 1980.
Sherrill, "The Effect of Differing Representations of
Mathematical Word Problems Upon the Achievement
of Tenth Grade Students." Ph.D. dissertation.
University of Texas at Austin, 1970.
